Instrument Co. Ltd., Wuhan, Hubei, China). R-GECO1 or GCaMP3 was excited by 525-530 nm or 460-470 nm light emitted by an Osram Diamond Dragon LTW5AP or LBW5AP light-emitting diode (LED) model (Osram, Marcel-Breuer-Straße 6, Munich, Germany) constructed in a multi-LED light source (MLS102, InBio Life Science Instrument Co. Ltd.) and filtered with a Semrock FF01-593/40-25 or FF01-520/35-25 emission filter (IDEX Health & Science, LLC, Oak Harbor, WA, USA) under an Olympus IX-70 inverted microscope (Olympus, Tokyo, Japan) equipped with a 40× objective lens (numerical aperture (NA) = 1.3, Zeiss). Fluorescence images were captured with an Andor iXon EM + DU885K EMCCD camera at a resolution of 256 × 256 pixels and a rate of 10 frames per second. Each animal was recorded only once. The average fluorescence intensity of the region of interest (ROI) of the soma was captured and analyzed by use of Image-Pro Plus 6.0 (Media Cybernetics, Inc., Rockville, MD, USA). An adjacent ROI in each frame was used to subtract the background. The average fluorescence intensity within the initial 10 s before stimulation or during the last 10 s before removal of stimulation was taken as the basal signal, F0, for the on or off response. The percent change in fluorescence intensity relative to the initial intensity F0, ΔF / F0 = (F -F0) / F0 × 100%, was plotted as a function of time for all curves. The mean values of peak (10 s) Ca 2+ signals and the s.e.m. were plotted in various colors (as indicated) and in light gray, respectively, by use of IGOR Pro 6.10 (WaveMetrics, Inc., Lake Oswego, OR, USA).
For food stimulation, supernatant from a 3 d-old E. coli OP50 culture as a food cue (10) or solutions of OP50 at various concentrations (indicated by optical density, OD) were used. For Ca 2+ imaging in tests with chemogenetic inactivation or exogenous chemical treatment, the tested worms were transferred onto plates with food containing 10 mM histamine, octopamine or 5-HT at various concentrations; 10-30 min later, the worms were loaded into a microfluidic device and stimulated with OP50 supernatant containing chemicals at various concentrations. For chemogenetic activation tests, the worms loaded in the chips were stimulated with OP50 supernatant containing 50 μM capsaicin.
To identify whether a type of neuron was cell-autonomously food sensitive, we used unc-13 and unc-31 mutants to assay Ca 2+ responses to a food cue, E. coli OP50 supernatant, in the tested neuron(s). As UNC-13 is essential for synaptic vesicle exocytosis and neurotransmitter release (11) and UNC-31 is necessary for neuropeptide release from dense-cored vesicles (12, 13) , loss-of-function (lof) mutants of these two genes were used to analyze the sensory response in sensory neurons under neuronal isolation (6, 14) .
Fluorescence imaging for tph-1 expression in ADFs
Tph-1 expression or 5-HT production was assayed by measuring the fluorescence of GFP driven by the tph-1 promotor in ADF neurons, as previously suggested (15) . We crossed the lim-4(ky403) mutant into the tph-1p::GFP reporter transgenic line mgIs42[tph-1p::GFP] and constructed a mgIs42[tph-1p::GFP]; AWB::TeTx transgenic line. To assay tph-1 promoter-driven GFP fluorescence in ADF neurons in worms under different food concentrations, the worms were treated and cultured in S-basal buffer containing OP50 bacteria at various concentrations for more than 8 h, as done for the pumping tests. Before fluorescence imaging, the worms were transferred onto a 3.5 cm (in diameter) agar plate without food and allowed to move freely for a few minutes to remove bacteria; then, the worms were transferred onto an agarose pad (2% W/V) with 5 μl levamisole (30 mM) added. The fluorescence of ADFs in mgIs42[tph-1p::GFP], mgIs42; lim-4(ky403) double mutants and mgIs42; AWB::TeTx transgenic worms was imaged under an Andor Revolution XD laser confocal microscope system based on a spinning-disk confocal scanning head, CSU-X1 (Yokogawa Electric Corporation, Tokyo, Japan), under the control of Andor IQ 2.0 software. The confocal microscope was constructed on an Olympus IX-71 inverted microscope (Olympus, Tokyo, Japan). All fluorescence images were imaged with a 60× objective lens (numerical aperture = 1.45, Olympus) and captured by an Andor iXon EM + DU-897D EMCCD camera. The images were viewed and analyzed by ImageJ 1.43b.
Specific manipulation of tested neurons
For chemogenetic silencing or activation of the tested neurons, we used neuron type-specific promoters to drive specific expression of the Drosophila HisCl1 gene or the rat TRPV1 gene in the tested neurons and employed 10 mM histamine or 50 μM capsaicin to activate the channels, respectively. For preparation of the test agar plates containing 50 μM capsaicin, a stock solution of capsaicin (25 mM in ethanol) was diluted with ultrapure water into a 500 μM working solution, and 10% (v/v) working solution was added into agar solution at approximately 60 °C before making the plates. For the control test, an agar solution with the same amount of ethanol as that in the capsaicin test solution was prepared. To genetically block vesicular release in the tested neurons, we employed neuron-specific extrachromosomal expression of TeTx to intercept vesicular release. TeTx is a specific protease of synaptobrevin that has been successfully used to inhibit chemical synaptic transmission of tested neurons in C. elegans (6, 7, 16, 17) .
Data analyses and display
Student's t-tests for single Gaussian-distributed datasets or Mann-Whitney rank sum tests for nonsingle Gaussian-distributed datasets were used to statistically analyze differences and to calculate p-values when comparisons were limited to between 2 groups, respectively. When more than two groups of data were compared, one or two-way analysis of variance (ANOVA) with recommended post hoc tests in the GraphPad Prism 7 (GraphPad Software, Inc., San Diego, CA, USA) software package was used to calculate p-values. Dunnett's multiple comparison correction was applied when multiple samples were compared to a single sample (i.e., wild-type N2 or other control), and Tukey's or Sidak's multiple comparison correction was used when multiple samples were compared among themselves. All pumping rate data are displayed as box plots, with each dot representing the data from each individual tested worm. The curves for calcium transients were created with IGOR Pro 6.10. The peak (10 s) values of calcium signals in on or off responses are presented as the mean ± s.e.m. with the number of tested animals (n). fasted (30 min) WT worms. ADFs may not be the only food-sensing neurons. Previous evidence shows that many sensory neurons, e.g., AWCs, ASEs, AWAs, AWBs, AFDs, ASIs, ASJs, ASKs, BAGs and ADFs, display on or off responses to OP50 supernatant (10) . These sensory neurons may be involved in pumping regulation. (C) Curves (left panel) and average peak intensities (right panel) of the food cue-evoked somal Ca 2+ transients in ADFs in unc-13(e1091) and unc-31(e928) mutants. As UNC-13 is essential for synaptic vesicle exocytosis and neurotransmitter release (11) and UNC-31 is necessary for neuropeptide release from dense-cored vesicles (12, 13) , loss-of-function (lof) mutants of these two genes were used to analyze the sensory response in sensory neurons under neuronal isolation (6, 14) . ADFs in the unc-13 mutants displayed Ca 2+ responses similar to those in the N2 worms, while under administration of the food-cue, in well-fed and short-term fasted (30 min) WT worms (H), worms in which ADF was chemogenetically inhibited by ADF-specific expression of HisCl1 channels and administration of 10 mM exogenous histamine (I), and worms in which ADF was chemogenetically activated by ADF-specific expression of rat TRPV1 channels and treatment with 50 μM exogenous capsaicin (J).
Supplementary figures
The pumping rate data are displayed in box plots, with each dot representing the data from each individual tested worm. The data for Ca 2+ signals are expressed as the mean ± s.e.m. as indicated by solid traces ± gray shading or bars ± error bars, with the number on each bar indicating the number of tested worms for each genotype. Statistical significance was analyzed by one-way or two-way ANOVA with appropriate post hoc corrections when more than two groups of data were compared or by Student's t-test when two groups of data were compared (B and H) and is indicated as follows: ns = not significant, * P < 0.05, ** P < 0.01, *** P < 0.001 and **** P < 0.0001 in comparison with the value for wild-type N2 worms or as indicated. AWBs may not function in neurotransmission between these two paired neurons. AWBs exhibited significantly lower Ca 2+ transients in well-fed unc-13(e1091) and unc-31(e928) mutants than in N2 worms.
RICs likely activate AWBs through neuroendocrine regulation.
The pumping rate data are displayed in box plots, with each dot representing the data from each individual tested worm. The data for Ca 2+ signals are expressed as the mean ± s.e.m. as indicated by solid traces ± gray shading or bars ± error bars, with the number on each bar indicating the number of tested worms for each genotype.
Statistical significance was analyzed by one-way or two-way ANOVA with appropriate post hoc corrections when more than two groups of data were compared or by Student's t-test when two groups of data were compared (D) and is indicated as follows: ns = not significant, * P < 0.05, ** P < 0.01, *** P < 0.001 and **** P < 0.0001 in comparison with the value for wild-type N2 worms or as indicated. 
